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Monitoring	localized	CO2	emissions:	
co-located	regional	CO2	(OCO-2)	
and	NO2	(S5P)	enhancements	

Reuter	et	al.,	2019

Figure 1. Moscow on August 25, 2018. a) S5P NO2 slant column (background) overlayed by OCO-2 XCO2 (foreground). Gray and white

0.1° boxes show EDGAR (bottom) and ODIAC (top) 2012 annual emissions with either EDGAR or ODIAC being larger than 0.5 MtCO2/a.

The white arrows show the direction of the 10 m wind as read from ECMWF (dotted), manually corrected to (subjectively) best match the

NO2 plume (solid), and normal to the OCO-2 orbit (dashed). Effective wind speed normal to the OCO-2 orbit, estimated cross-sectional

CO2 flux, time of OCO-2 overpass, and time difference between OCO-2 and S5P overpass are also listed. b) Larger section of the S5P NO2

slant columns including the OCO-2 orbit and the bounding box of sub-figure a). c) OCO-2 XCO2 values (red) and co-located S5P NO2 slant

columns (black) within the plume’s cross-section in OCO-2 flight direction.

3.4 Medupi and Matimba power plants

The Medupi (4764MW) and Matimba (3990MW) coal-fired power plants lie close to each other in South Africa about 300 km

north of Johannesburg. Their NO2 plume is shown in Fig. 4a overlayed by OCO2 XCO2 measurements. NO2 measurements

in the larger surrounding do not suggest any additional nearby upwind sources (Fig. 4b). The cross-sectional NO2 values

show a clear elevation within the plume which is less obvious for XCO2 having larger relative scatter especially south of5

the plume. Nevertheless, the Gaussian function fits the XCO2 values reasonably well (�2
= 1.4). The wind direction is nearly

perpendicular to the OCO-2 orbit and the effective normal wind speed is 2.6±0.6 m/s. The cross-sectional CO2 flux amounts to

31±7 MtCO2/a which is consistent with ODIAC 2012 emissions of 24 MtCO2/a and ODIAC 07/2016 emissions of 26 MtCO2/a

but EDGAR does not have significant emissions in this area. It shall be noted that the Medupi power plant started operation

in 2015 with limited capacity and that it still has not reached its nominal capacity. Therefore, it is no surprise that the Medupi10
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• The	signatures	of	regional	FF	CO2	emissions	in	CO2	observaTons	are	typically	weak	relaTve	
to	regional	background	concentraTon,	except	near	hot	spots	sources.	

• The	use	of	proxy	species	(NO2,	CO)	for	CO2	flux	esTmates	is	jusTfied	because	their	satellite	
measurements	are	known	to	contain	a	strong	signal	associated	with	human	acTviTes	

• CO2-AQ	emission	raTos	can	be	used	to	understand	emission	processes	(combusTon	type,	
new	technology	and	regulaTon)	and	improve	bo[om-up	inventories

GHG Air	quality+
• OH	coupling	(CH4)	
• CombusTon	process	(NOx,	CO,	CO2)	
• Joint	emission	opTmizaTon



1. Top-down	NOx	and	CO	emission	esTmates	using	satellite	measurements	
2. Apply	emissions	factors	(NOx/CO2	raTos	from	bo[om-up	inventories)	to	

relate	FF	CO2	emissions	to	the	NOx	emissions
strongly	rely	on	top-down	NOx	emission	es4mates	and	emission	ra4os	in	bo7om-up	inventories

GHG Air	quality+

•Satellite	observaTons	of	the	CO-NO2-CO2	raTo	pa[erns	are	able	to	disTnguish	
between	combusTon	types.	There	is	no	disTncTon	between	the	various	
developed	and	developing	regions	in	bo[om-up	inventories.		

•MulT-species	observaTons	can	provide	constraints	on	emission	inventories,	and	
be	useful	in	monitoring	trends	and	understanding	combusTon.

Silva	and	Arellano,	2017

Hybrid	FF	CO2	emissions	using	AQ	measurements

Characterizing	regional-scale	combusFon	using	CO,	NO2,	and	CO2	obs

Konovalov	et	al.,	
2016,	ACP
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Hybrid	FF	CO2	emission	esFmates	using	improved	NOx	emissions

1. Temporal	evoluTons	of	top-down	NOx	emissions	and	CO2	emission	inventories	
2. Understand	long-term	changes	in	emission	raTos	and	emission	processes	
3. Predict	CO2	fluxes	using	emission	raTo	trajectories	and	up-to-date	NOx	emissions	

→	improve	NOx,	CO,	SO2	emission	esTmates	with	reduced	model	errors	unrelated	to	emissions
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Hybrid	FF	CO2	emission	esFmates	using	improved	NOx	emissions
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Q4:	AQ/Carbon	co-reduction	(renewables)

How	will	changes	in	air	quality	
mitigation	impact	carbon	emissions?

Q1→Q3 (from K. Bowman)

Hybrid	FF	CO2	emission	esFmates	using	improved	NOx	emissions

Environmental	Kuznets	Curve	(EKC)
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Hybrid	FF	CO2	emission	esFmates	using	improved	NOx	emissions
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→	ImplicaTons	for	changes	in	emission	factors	and	acTvity	
Implementa4on	of	new	technology	and	regula4on?	

Hybrid	FF	CO2	emission	esFmates	using	improved	NOx	emissions
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Strong	year-to-year	varia4ons	in	emission	factors,	ac4vity,	and	emission	ra4os	
for	India,	SE	Asia,	and	the	Middle	east?	

→	improvements	of	emission	inventories,	understanding	of	emission	processes

	By	making	an	emission	raTo	trajectory	(temporally	varying)	and	using	up-to-date	NOx	
emission	esTmates	(-	a	week	delay),	we	could	obtain	near-real	Tme	FF	CO2	fluxes,	

without	waiTng	for	staTsTcal	informaTon	needed	for	FF	CO2	inventories!

Differences	between	
ODIAC	and	predicted	

FF	CO2	flux



LisFng	strong	emission	points	using	top-down	NOx	emissions

Strong	FF	emission	points	from	top-down	esTmates	
→	Any	missing	points	in	the	OCO-3	ODIAC	target	list?

MulF-species	(NOx	+	CO	+	SO2)	constraints	on	FF	CO2	flux

Different	aspects	of	the	combusTon	technology	are	expected	to	affect	those	emissions	in	
different	ways:	e.g.,	NOx	emissions	are	strongly	dependent	on	the	temperature	of	combusTon	
(more	NOx	is	released	at	higher	T),	CO	emissions	can	be	regarded	as	a	measure	of	the	
incompleteness	of	combusTon	processes.	Strong	SO2	emissions	from	volcanic	erupTons.	

High	resoluFon	global	
data	assimilaFon	of	

TROPOMI	NO2

OCO-3	CO2

Joint	emission	
esFmaFon+


